Permeance Based Modeling of Magnetic Hysteresis with Inclusion of Eddy Current Effect by Luo, Min et al.
? ???? ????
???? ???? ??????? ????? ??????????? ?????????? ??? ?????????? ??????
????????? ????? ???????? ?? ???????? ?????????? ???? ????????? ?? ???? ?????????????
?? ???? ?? ?????? ??? ?? ??? ?????
???? ???????? ?? ?????? ???? ???? ?????????? ?? ??? ????? ???? ?????????? ?? ??? ???? ???? ??? ?? ??? ??? ? ??? ????
??????????? ?? ??? ?? ????? ???????? ?? ????????? ???????? ?? ???????? ??? ?? ???? ???????? ?? ?????????? ????????
?????????? ?? ??????? ? ????????? ???? ???????? ??? ??????????? ?? ??????????? ???????? ?? ??? ???????? ??? ??????????
????? ??? ?????? ?? ?????????????? ???? ?? ???????? ???? ??? ???? ?? ??????? ?? ??????????????????????
???? ?? ???????? ?? ???? ???? ????????? ??? ????? ?? ??? ?????????? ?? ??? ????????? ???? ?????????? ???
????? ??????????? ??????????
????? ????????????? ???????? ?? ????????
Permeance Based Modeling of Magnetic Hysteresis
with Inclusion of Eddy Current Effect
Min Luo and Drazen Dujic
Power Electronics Laboratory







Abstract—Magnetic hysteresis together with eddy
current effects are typically present in metal based core
materials and contribute significantly to the nonlinearity
and power loss of the magnetic components operating in
power electronic converters. In order to investigate their
influence on the system’s behavior in time domain, model
which is accurate and simple enough to be integrated
into circuit simulation environment, is desired. This
work proposes a modeling’s approach using permeance-
capacitance based magnetic circuit, which combines
the hysteresis and eddy current effect of the magnetic
components in system-level time domain simulation.
Index items—hysteresis, eddy current, permeance-
capacitance, magnetic circuit, system-level simulation
I. INTRODUCTION
Magnetic components using metal based core materi-
als are commonly applied in power electronic converter
systems. The magnetic hysteresis of the core material
together with eddy current effect contributes directly
to the nonlinearity and power loss of the magnetic
component during operation. In order to investigate their
influence on the system behavior, so as to adapt the
control algorithm and component selection of the rest
part of the power converter, model which is accurate and
simple enough to be integrated into system-level circuit
simulation environment, is desired.
Electrical equivalent circuit model has been commonly
used for system-level simulations. The iron core is
usually represented by the Cauer-type equivalent circuits
as demonstrated in Fig. 1 [1]. The inductors account
for the magnetic flux channel while the resistors for the
eddy current loss. Using the electrical equivalent circuit,
authors of [2] were able to reproduce the analytical
form of the core laminate’s frequency response, with
the material nonlinearity neglected. In the work of [3]
and [4] the authors have taken into account the material
nonlinearity and the method of [4] has been extended
to a multi-winding structure in [5]. There the material
characteristic is represented by a single-line nonlinear
B-H curve, which does not cover the power loss from
the frequency-independent hysteresis effect of the real
magnetic materials. The authors of [6] and [7] have
included the magnetic hysteresis into the circuit model,
however only simple core geometry (toroidal core) was
considered, which is not generalised to complex core
structures.
Magnetic circuits based on permeance-capacitance
analogy introduced by [8] are able to represent complex
core geometry intuitively, and have been proved to be
practical for system-level circuit simulation in the work
Fig. 1: Cauer equivalent circuits for iron cores.
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